ABSTRACT
INTRODUCTION

72
In the last forty years a wide variety of studies have provided compelling evidence supporting 73 the existence of compartmentalized cAMP signals, reviewed in (7, 11, 36, 37 
96
Estimating near-membrane PDE activity 4 We observed that 10 μM rolipram − a selective PDE4 inhibitor, K I ~ 0.1 μM (2, 16) − had marked 97 effects on the magnitude of cAMP-induced currents through CNG channels, even in the presence 98 of 100 μM cAMP (~33⋅K M ). Subsequent addition of 100 μM IBMX − a nonselective PDE inhibitor,
99
K I ~5 and 10 μM for PDE4 and PDE1 -had no additional effect on currents through CNG 100 channels. We also observed that 100 μM 8MM-IBMX -a somewhat selective PDE1 inhibitor that 101 does not inhibit PDE4, K I ~10 μM for PDE1 − had little or no effect on the magnitude of cAMP-102 induced currents.
103
We next utilized a previously published mathematical model of cAMP compartmentalization in order 
178
were converted to formats compatible with MATLAB software using a custom script provided by
179
Bruxton Corporation.
180
To assess the effects of PDE activity on cAMP-mediated activation of CNG channels we 181 estimated the fractional steady state activation of CNG channels as I/I max-est , where I is the current 182 through CNG channels in the absence of PDE inhibitors; I max-est is the estimated maximal current;
183
and I max-est is defined as the current in the presence of PDE inhibitors (I PDE ) divided by the 184 expected fractional CNG channel current at the concentration of cAMP in the patch pipette (I frac ).
185
The expected fractional current is based upon previously published cAMP concentration response 
235
Characterization of total PDE activity in HEK-293 cells.
236
We next estimated the kinetic properties of cAMP PDE activity in HEK-293 cells using 
242
Although 8MM-IBMX has been described as a selective PDE1 inhibitor it is not entirely selective 
245
We next sought to determine whether other PDE subtypes were present in HEK-293 cells.
246
Thus, we examined the ability of several PDE inhibitors to potentiate 10 µM forskolin-induced 
253
Monitoring PDE activity within single cells.
254
We utilized adenovirus-expressed CNG channels to monitor changes in intracellular cAMP 255 levels. Two channel constructs were used for these experiments, channels composed of wild type
256
CNGA2 subunits (WT channels, K 1/2 = 40 μM) and channels composed of CNGA2 subunits 257 containing the C460W and E583M mutations (C460/E583M channels, K 1/2 = 1.1 μM) (31). These 
283
The data described above indicate that PDE4 activity has a profound effect on the ability of 
304
had little or no effect on the cAMP dose dependence of CNG channels. These data strongly
305
suggest that right shift in cAMP dose dependence observed in the whole cell setting is primarily 306 due to PDE4 activity.
307
The data presented thus far suggest that the PDE4 inhibitor rolipram has a profound effect on 308 the ability of cAMP introduced via the patch pipette to activate CNG channels in the plasma 309 membrane; however, the PDE inhibitor 8MM-IBMX has little or no effect on CNG channel 
315
The second model considered is a two compartment model in which cAMP is introduced into the 316 cell via the patch pipette and freely diffuses throughout the cytosolic space, but access to the 317 near-membrane space (containing CNG channels) is slowed ( Figure 8B ). In this model the 318 rolipram-sensitive PDE activity is in the near-membrane space and the bulk cytosol; whereas, the 319 8MM-sensitive PDE activity is only in the cytosolic space. Parameters used in each model are 320 presented in Table 1 .
321
Fits of both the one compartment (brown lines) and two compartment (green lines) models to 
333
(near CNG-channel) space.
334
We next sought to assess the sensitivity of the model to critical parameters -specifically, the Table 1 represent a reasonable fit of the model to experimental data.
DISCUSSION
349
We have used a three-tiered approach to estimate PDE activity near the plasma membrane.
350
We first estimated total PDE activity in cell populations. We next measured the ability of a plasma 
369
In order for the two compartment model to fit the time course of cAMP-mediated activation of
370
CNG channels, PDE activity in the near-membrane compartment had to be markedly less than 371 the total cellular PDE activity -~20-fold less. In addition, the spatial spread of cAMP between the near-membrane compartment and the bulk cytosol needed to be lower than would be expected 
409
The experiments presented here utilized CNG channels to monitor localized cAMP levels.
410
While the use of CNG channels to monitor cyclic nucleotide levels has provided a unique insight
411
into cyclic nucleotide signaling, they cannot be used to probe cyclic nucleotide levels at different 
419
In conclusion, the data presented here can be summarized as follows: PDE activity in the 420 near-plasma membrane compartment -and more specifically in the same discrete domains as
421
expressed CNG channels -is lower than in the bulk cytosol. We have estimated that the near- 
435
Even with these caveats, the data presented here strongly suggest that: (i), a subset of PDE4
436
activity is localized within discrete signaling domains near the plasma membrane; (ii), the 437 exchange of cAMP between these domains and the bulk cytosol is hindered; and (iii), PDE activity 438 in the near-membrane signaling domains is lower than in the bulk cytosol. 
489
The influx of 40 μM cAMP from the patch pipette was monitored using WT CNG channels.
490
Exposure to 10 μM rolipram caused an additional increase in current through CNG channels,
491
indicating that PDE4 activity is sufficient to effectively hydrolyze cAMP washed in from the patch 492 pipette. Subsequent exposure to 100 μM IBMX caused no additional increase in current.
493
Exposure to the membrane permeant cGMP analogue 8-bromo-cGMP (100 μM) triggered an 
526
Experimental data (red and blue circles) are as described in Figure 6 . 
